ABSTRACT Background and aims: Anaemia affects up to 74% patients with Crohn's disease (CD) and ulcerative colitis (UC) and is correlated with decreased quality of life. The European Crohn's and Colitis Organisation (ECCO) recommends at least annual screening for irondeficiency anaemia. We aimed to determine the prevalence of anaemia, frequency of anaemia screening and factors associated with anaemia in a retrospective study of mild to moderate inflammatory bowel disease (IBD) in the USA.
INTRODUCTION
Inflammatory bowel diseases (IBD) are chronic immune-mediated inflammatory disorders that encompass Crohn's disease (CD) and ulcerative colitis (UC). CD is a transmural disease that can affect any portion of the gastrointestinal tract, although it most commonly occurs in the ileum and proximal colon. 1 UC is a mucosal disease affecting only the colon. 1 Between 1 and 1.6 million Americans [2] [3] [4] [5] have IBD with an overall
Summary box
What is already known about this subject?
▸ Most patients with inflammatory bowel disease (IBD) (67%) were screened for anaemia at least once during the median 2-year follow-up period.
However, very few patients were screened annually as recommended by the guidelines. ▸ Among patients with anaemia, the majority did not receive laboratory tests (ie, ferritin) to test for iron-deficiency anaemia. Screening for irondeficiency anaemia is guideline recommended. ▸ Anaemia is a frequent complication of IBD. ▸ No study has examined adherence to anaemia screening guidelines.
What are the new findings?
▸ This is the first study to examine adherence to IBD anaemia screening. ▸ Of patients with mild to moderate IBD, 66.6%
were screened at least once during the median 2-year follow-up.
• Fewer than 20% were screened annually. ▸ Among those screened, 32.4% of those with CD and 27.6% of those with UC were anaemic.
• The majority of the anaemic patients lacked information on ferritin for iron-deficiency assessment.
• Among those with sufficient information, 82% of the anaemic patients with IBD were iron deficient.
How might it impact on clinical practice in the foreseeable future?
▸ Providers should screen their patients with IBD for anaemia annually. If the patient is anaemic, further laboratory testing for iron-deficiency anaemia is needed.
prevalence of 504 per 100 000 in the adult population (CD 241 per 100 000, UC 263 per 100 000). 6 Anaemia is a frequent complication of IBD. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Estimates of the prevalence of anaemia vary widely with a range of 9-73% in outpatients and 32-74% during IBD admissions. 4 Patients with CD are more likely to be anaemic than those with UC. 18 20-23 There are several potential causes of anaemia in IBD including iron deficiency, anaemia of chronic disease, vitamin B 12 deficiency, folate deficiency and drug-induced anaemia. 7 8 16 18-21 Multiple types of anaemia may be present concurrently. Iron-deficiency anaemia can result from insufficient dietary iron intake due to altered diet, diminished uptake in the small bowel from frequent bowel movements or chronic blood loss due to inflammatory changes and mucosal ulcerations. 4 11 15-17 24 25 During IBD flares, there is an increase in cytokine production that upregulates hepcidin, a protein that blocks iron absorption and inhibits iron release from epithelial cells and intestinal macrophages, leading to altered erythropoiesis and iron-deficiency anaemia. 10 26 27 During severe inflammation of the small intestine or after ileal resection, vitamin B 12 and folate deficiency can occur. 16 24 28 Drug-induced anaemia occurs subsequent to medications that inhibit erythropoiesis such as thiopurines that suppress bone marrow production, methotrexate that prevents folate synthesis and sulfasalazine, which inhibits folate absorption and can induce haemolysis. 16 22 24 The recommended diagnostic criteria for anaemia in the general population uses the WHO haemoglobin definition (<13 g/dL in men or <12 g/dL in nonpregnant women). [29] [30] [31] In the presence of anaemia, iron deficiency is diagnosed by evaluation of mean cell volume (MCV), ferritin, transferrin saturation, serum iron and total iron-binding capacity. Ferritin is regarded as the best initial diagnostic test for iron deficiency. 29 30 Anaemia screening recommendations for patients with IBD were first published in 2007. 11 The European Crohn's and Colitis Organisation (ECCO) reviewed and modified these recommendations and published guidelines in 2015. ECCO recommends at least annual measurement of haematocrit/haemoglobin for anaemia and iron-deficiency anaemia in patients with IBD. 28 Guidelines for anaemia screening and treatment also exist within the British Society of Gastroenterology (BSG) 32 and Polish National Consultant for Gastroenterology Working Group Recommendations. 12 No studies have examined adherence to screening guidelines. Furthermore, only 12 studies have examined the prevalence of anaemia or its treatments outside of Europe including a total of 2839 patients predominately in single-centre studies conducted in the USA. 4 16 23 33 We aimed to determine the prevalence of anaemia, the frequency of screening and factors associated with anaemia among adults with CD and UC in the USA who were under the age of 65 using Truven Health MarketScan i Commercial database 2010-2014. We restricted our study to patients with mild to moderate IBD treated exclusively in outpatient settings.
METHODS

Study design
We conducted a retrospective study of adults with IBD using the MarketScan database from 2010 to 2014. This database contains information obtained from large employers and health plans across the USA. 34 The database consists of encounters of insured employees and their dependents through employer-provided health insurance plans. 34 This database does not include individuals who receive insurance through Medicare, resulting in a maximum patient age of 64.
Study population
Adults (18-64) with at least two outpatient encounters for IBD based on International Classification of Diseases, Clinical Modification, Ninth Edition (ICD-9-CM) codes of 555 for CD or 556 for UC were eligible. We excluded IBD encounters occurring in longterm care facilities where care may not represent the general IBD population (see online supplementary appendix A). We excluded individuals whose age at first IBD encounter was <18 years. Patients with more encounters for CD than UC were classified as conclusive CD and similarly for UC. Individuals whose IBD type was inconclusive ( presence of an equal number of encounters for both CD and UC) were excluded (n=5). Individuals who had clinical conditions associated with anaemia but independent of IBD were excluded ( pregnancy (ICD-9-CM V22.X), chronic kidney disease (585. X), malignant cancers (see online supplementary appendix B) and liver transplant (50.5X)) because we aimed to study a population where IBD was the most likely source of anaemia. We defined mild to moderate IBD by excluding patients at the time of a hospitalisation for IBD and those with feeding tubes (ICD-9-CM V55. 
Laboratory eligibility
Not all plans that contribute to the MarketScan database contribute laboratory information; therefore, patients were eligible if they had at least one laboratory result for any test. The laboratory eligibility date was extrapolated to the 1st of January of the year associated with the first available test result.
Study period Follow-up began when patients had their first IBD encounter or became laboratory eligible, whichever came last. This follow-up period ended on either the first IBD-related hospitalisation or on the last date of enrolment. Censoring was done at first inpatient encounter because we aimed to capture mild to moderate IBD cohort treated as outpatients. The majority of patients with IBD are now treated predominately as outpatients. [35] [36] [37] Patients were required to have at least 1 year of continuous enrolment after the start of follow-up in order to assess annual screening.
Screening for anaemia and iron-deficiency anaemia Screening for anaemia was defined by the presence of a laboratory result for anaemia testing. Laboratory tests and results were identified using their Logical Observation Identifiers Names and Codes (LOINC) (see online supplementary appendix C). Anaemia was determined using WHO haemoglobin/haematocrit levels based on age and sex (see online supplementary appendix D) including haematocrit <39% in men and <36% in women or haemoglobin <13.0 g/dL in men and <12.0 g/dL in women. 31 We excluded encounters with haematocrit/haemoglobin values that were reported as zero. Individuals with anaemia were examined for iron deficiency, which was assessed using C reactive protein (CRP) and ferritin measured ±30 days of the reduced haemoglobin or haematocrit. Iron-deficiency anaemia was considered in individuals who met one of two conditions: (1) ferritin <30 ng/mL or (2) ferritin between 30 and 100 ng/mL combined with elevated CRP based on the laboratory-provided upper limit (see online supplementary appendix E).
Adherence assessment
We assessed adherence to having at least one screening for anaemia by calculating yearly intervals from the patients' first anaemia screening, therefore the start dates for year zero was the date of first screening test and the interval start dates that followed were in 1 year increments. Our analyses accounted for patients who returned earlier than 1 year for their next screening, by including in the subsequent year interval, tests that occurred within 60 days of the start date of that interval (see online supplementary appendix F).
Factors that may be associated with anaemia We collected information on other characteristics to help us understand the IBD cohort and their disease severity. These factors were examined as potential predictors of anaemia. These included type of IBD, sex, older age (50-64 years) at first IBD encounter versus younger (18-34; 35-49 years), number of outpatient visits and smoking (ICD-9-CM 305.1X). We examined the use of IBD medications during the study period to understand the disease severity of the cohort but did not include these as potential predictors of anaemia due to concerns of confounding by indication (see online supplementary appendix G).
Statistical analysis
Analyses were performed separately for CD and UC. We calculated frequency distributions, median and range for demographic variables including age at first IBD encounter, sex, median duration of follow-up, number of healthcare encounters, smoking status and IBD-related medication use. The average number of outpatient visits for each patient was calculated by dividing the total number of outpatient visits by the number of years of study follow-up.
We evaluated the prevalence of screening for anaemia based on the number of individuals who had a test result for haemoglobin or haematocrit over the total eligible population. To evaluate the prevalence of anaemia, we calculated the number of individuals who met WHO criteria for anaemia at any point during the study period over the total number of individuals with haemoglobin/haematocrit results.
We calculated the annual frequency of testing for anaemia to assess adherence to the annual screening recommendation by examining the proportion of patients with IBD with at least one haemoglobin/haematocrit result during each consecutive year of eligibility divided by the total number of people with follow-up of at least 2 years (N=13 751).
We calculated the prevalence of iron-deficiency anaemia by dividing the number of individuals who met the iron-deficiency definition by the number of individuals with sufficient information to asses iron deficiency based on laboratory results.
We performed multivariable logistic regressions to evaluate factors associated with anaemia based on factors available in our cohort as well as factors associated with anaemia from previous studies. 23 33 All analyses were performed using SAS V.9.4 (SAS Institute, Cary, North Carolina, USA). The Johns Hopkins Institutional Review Board (IRB) approved this study.
RESULTS
Demographics
Of 380 386 patients with at least two IBD encounters during 2010-2014, 44 862 had laboratory information available and 17 059 (7493 CD and 9566 UC) met our inclusion criteria (figure 1). The median ages were 44 years for CD and 46 years for UC. Fifty-nine and 56% of patients with CD and UC, respectively, were female, and the median follow-up was 2.0 years for both CD and UC. Sixty-one per cent of those with CD and 48.4% of those with UC had six or more IBD-related outpatient visits. Steroids were the most common medication used by patients with CD (45.8%) and aminosalicylates were the most common medication in UC (56.8%) (table 1). 
Anaemia screening and prevalence
At least two-thirds of patients with CD (68.1%) and UC (65.3%) were screened for anaemia (figure 2). Among screened patients, anaemia was present in 32.4% of patients with CD and 27.6% of patients with UC (figure 2). Of this cohort, 18.1% were screened at least once per year during the years that they contributed information.
Prevalence of iron-deficiency anaemia
Among patients who met WHO criteria for anaemia, 19.8% (n=669) had an associated ferritin measurement and CRP measurement (for those with ferritin 30-100 ng/mL) and could be assessed for iron-deficiency anaemia (figure 2). Of these, iron-deficiency anaemia was present in 79.2% of 361 patients with CD and 85.1% of 308 patients with UC. Iron deficiency could not be assessed in 80.2% (n=2710) of anaemic patients, either because they did not have any ferritin or CRP results within 30 days of the anaemia result.
Factors associated with anaemia
Factors associated with anaemia did not differ between CD and UC. Risk factors for anaemia in both CD and UC included greater numbers of IBD-related outpatient visits, female sex and younger age (table 2) . CD smokers were less likely to be anaemic (OR 0.7; 95% CI 0.6 to 0.9). No other study has examined the adherence to screening guidelines, so it is unknown if the results in this insured American population are generalisable to other settings. At least one-third of the screened cohort had anaemia, which is similar to published European studies on anaemia (24-33%) in IBD. 4 20 21 23 Our findings were also similar to predictors of anaemia in the USA. A recently published study on anaemia in a US IBD cohort showed a statistically significant higher prevalence of anaemia in CD compared with UC ( p value 0.001). 33 This mirrors our findings and also findings from other European studies. 13 20 21 However, these studies included anaemia assessed during inpatient stays when patients may be most likely to have anaemia. To the best of our knowledge, this is the first study of anaemia in the USA. Patients with IBD are treated exclusively as outpatients where the majority of care occurs for contemporary patients. In the US PharMetrics database, there were 20 IBD outpatient encounters for every one hospitalisation. 37 In a Dutch study of patients with IBD recruited from an outpatient clinic between September 2014 and February 2015, only 10.9% had a hospital admission during the year prior to their outpatient visit. 35 Anaemia is associated with increased disease activity, healthcare usage, mortality and low quality of life. 7 8 12 13 15 17 18 20 24 26 28 Disease activity is reflected by more frequent outpatient visits and hospitalisations. Frequent outpatient visits was the strongest predictor of anaemia (OR 2.4) demonstrating that these patients are using healthcare services more than their peers and is consistent with increased usage of anaemia associated with other chronic diseases. The increase in usage could be due to greater disease activity or perhaps to the anaemia itself. The effects of anaemia on general wellbeing cannot be overstated. In a study where quality of life was assessed using the validated Short Inflammatory Bowel Disease Questionnaire (SIBDQ), patients with anaemia had lower scores compared with non-anaemic patients with IBD after adjusting for disease activity. 23 In this study, the failure to identify the cause of anaemia (ie, lack of ferritin and CRP results after documented anaemia) and failure to perform annual assessments for anaemia in general provide evidence for a gap between guidelines and clinical practice. Adherence to the anaemia screening guidelines has the potential to impact the clinical and social lives of patients with IBD.
There are several mechanisms for iron-deficiency anaemia in IBD including iron loss from bleeding mucosal ulcerations, decreased iron intake and impaired absorption. In particular, patients with CD with inflammation of the duodenum and upper jejunum develop impaired iron absorption leading to anaemia. 38 This may explain the higher prevalence in CD compared with UC. 16 21 The higher prevalence of anaemia in women may be explained by menstruation.
Anaemia presents significant economic burden to patients and their caregivers. A recent estimate of the average annual healthcare cost incurred per anaemic patient with IBD was $19 113 compared with $7678 in non-anaemic patients with IBD ( p<0.001). 39 Iron replacement therapy is the mainstay of treating anaemia and improves quality of life. 14 26 40 Concomitant to effective therapy for CD and UC, early diagnosis and treatment of anaemia could potentially decrease hospitalisations, lower healthcare costs and, most importantly, improve quality of life. Our study has several strengths. The MarketScan database used in our study is representative of the privately insured US population which comprises 55% of the US population. 34 Our study cohort captures care provided in the outpatient setting where preventive care is recommended for patients with IBD. 41 We created our inclusion criteria to capture annual screening in a population with minimal comorbidities other than IBD, so as to obtain accurate estimates for the general IBD population. We allowed grace periods for laboratory assessments to maximise the number of individuals who met the criteria and to allow leniency in order to better mimic the clinical experience where an 'annual' visit may occur a few months early or late in any given year.
Limitations of our study include the potential overestimation of iron-deficiency anaemia and limited generalisability to the youngest and oldest patients with IBD. Our estimate of iron-deficiency anaemia is very likely an overestimate as so few individuals had ferritin results available within 30 days of their anaemia laboratory result. If assessment of iron deficiency is a potential indicator of quality care, major changes in practice patterns will be needed in laboratory ordering to meet this assessment goal. We could not assess prevalence of anaemia in paediatric or older IBD population because our database included persons 64 years and under and we included only patients over the age of 18 because the current screening recommendations are for adults.
In conclusion, one-third of screened US IBD patients have anaemia. One in three patients with IBD in the USA were never screened for anaemia and 81.9% were not screened annually. Approximately 82% of evaluated anaemic patients were iron deficient although the small proportion of patients with ferritin results limited the findings. Adherence to the available guidelines from Europe and incorporation of anaemia screening protocols into US practice and quality guidelines should be considered.
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